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ABSTRACT: In the ocean surface, there are many kinds of currents due to tides, wind, wave as well as tsunamis. 
Especially, wind-driven currents may be important for coastal currents. Wind driven-currents are non-stationary 
phenomena in time and space. Therefore, the grasps of wind-driven currents are important. It is necessary to observe 
velocity of currents temporally and spatially due to estimate wind-driven currents. However, it is difficult to observe 
spatial distributions of current velocity and ocean winds by current meter and anemometer of stationary type. HF radar 
can be observed spatial distributions of current velocity. Although ocean winds cannot be measured directly by HF 
radar, it is possible to estimate using wave height, wave period, and the Sverdrup-Munk-Bretschneider’s (SMB) method.  
In this study, ocean winds were estimated by obtained wave height and period from NOWPHAS and SMB 
method. This estimated method was examined in seven points (Niigata, Fort No.2, Ashika island, Kobe port, Port of 
Komatsushima, Sea of Genkai and Kanda). In addition, when this technique was not able to be used, another method 
was examined. Finally, we proposed other methods that were able to be used at any time. 
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INTRODUCTION 
There are many kinds of currents due to tides, wind, 
wave as well as tsunamis at ocean surface. As one 
example, wind-driven currents may be important for 
coastal currents. Wind driven-currents are non-stationary 
phenomena in time and space. However, the grasps of 
wind-driven currents are important.  
If it can be observed the wind-driven currents, it was 
necessary the velocity of currents temporally and 
spatially data. However, it is difficult to observe spatial 
distributions of current velocity and ocean winds by 
current meter and anemometer of stationary type. On the 
other hand, HF radar can be observed spatial 
distributions of current velocity. Although ocean winds 
cannot be measured directly by HF radar, it is possible to 
estimate using wave height, wave period, and the 
Sverdrup-Munk-Bretschneider’s (SMB) method 
(Kobayashi et al, 2000). 
In this study, ocean winds were estimated by 
obtained wave height and period from NOWPHAS and 
SMB method (Huang et al, 2002, 2004). This estimated 
method was examined in seven points (Niigata, Fort 
No.2, Ashika island, Kobe port, Port of Komatsushima, 
Sea of Genkai and Kanda). In addition, when this 
technique was not able to be used, another method was 
examined. Finally, we proposed other methods that were 
able to be used at any time. 
 
 
STUDY AREA 
A map of the study area is shown Figure 1.  
It was examined in seven points (Niigata, Fort No.2, 
Ashika island, Kobe port, Port of Komatsushima, Sea of 
Genkai and Kanda). 
 These points were measured wave height, wave 
period, wind speed and direction by NOWPHAS.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Study area 
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ESTIMATION METHOD 
Ocean winds were estimated by obtained wave height 
and period and SMB method. Wind speed estimated 
from the following equation (1). 
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where, H1/3: significant wave height (m), U10: wind 
speed at 10m above the ground (m/s), fm: peak frequency 
of ocean wave spectrum (1/s). However, the peak 
frequency of ocean wave spectrum cannot be taken; it 
was treated as fm by taking the reciprocal of the observed 
significant wave period at this time. 
Wind speed at 10m above the ground was assumed in 
the equation (1), it was corrected using the power law 
from the following equation (2). 
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where, UZ: wind speed at measured station (m/s), Z: 
distance from the ground, : power index (0.12). 
 
CHARACTERISTICS OF WAVE AND WIND 
DATA 
The estimation method will be verified by comparing 
the estimated and measured wind at each point. Their 
characteristics are indicated by the point. Arrangement 
of data was same as the previous study. (Watanabe and 
Tomita, 2008) It was examined method using measured 
data with every two hours intervals from January 1, 2001 
to December 31, 2006 by the NOWPHAS. In this 
method, it was used wind speed and direction, wave 
height and cycle data. These data was divided the each 
observation point annually. As a result of considering 
change of the data for every year, it was not seen a 
remarkable difference. Therefore, this paper explains the 
characteristics in each observation point using the data in 
2001. 
(1)Niigata 
The characteristics of ocean wind and wave at 
Niigata in 2001 is shown Figure 2 to 4.  
 
 
 
 
 
 
 
 
 
Figure 2 Wind speed frequency distribution at Niigata  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Wind direction and Wave height frequency 
distribution at Niigata 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Wave period frequency distribution at Niigata 
 
Characteristics of ocean wind at Niigata, Wind speed 
has generally ranged between 3 to 6 m/s, prevailing wind 
direction is south. Almost wave height was less than 1 m, 
wave period has generally ranged between 4 to 7 s. 
 
 (2)Fort No.2 
The characteristics of ocean wind and wave at Fort 
No.2 in 2001 is shown Figure 5 to 7. 
. 
 
 
 
 
 
 
 
 
 
 
Figure 5 Wind speed frequency distribution at Fort No.2 
 
 
 
 
 
 
 
 
 
 
Figure 6 Wind direction and Wave height frequency 
distribution at Fort No.2 
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Figure 7 Wave period frequency distribution at Fort 
No.2 
 
It is located in the middle of the route of the Tokyo 
Bay entrance. Characteristics of ocean wind at Fort No.2, 
Wind speed has generally ranged between 5 to 7 m/s, 
prevailing wind direction is north-northeast, northeast, 
and south. Almost wave height was less than 1 m, wave 
period has generally ranged between 3 to 5 s. 
 
 (3)Ashika island 
The characteristics of ocean wind and wave at 
Ashika island in 2001 is shown Figure 8 to 10. 
 
 
 
 
 
 
 
 
 
Figure 8 Wind speed frequency distribution at Ashika 
island 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 Wind direction and Wave height frequency 
distribution at Ashika island 
 
 
 
 
 
 
 
 
 
 
Figure 10 Wave period frequency distribution at Ashika 
island 
The measured station of Ashika island is near the 
Fort No.2. Characteristics of ocean wind at Ashika island, 
Wind speed has generally ranged between 4 to 7 m/s, 
prevailing wind direction is north-northeast, northeast, 
and south. Almost wave height was less than 1 m, wave 
period has generally ranged between 3 to 5 s. Since the 
Fort No.2 and Ashika island was near the stations, it was 
almost the same tendency of data 
 
 (4)Kobe port 
The characteristics of ocean wind and wave at Kobe 
port in 2001 is shown Figure 11 to13. 
There is no institution which interrupted the wave, 
the wave height is very small in Osaka Bay. 
Characteristics of ocean wind at Kobe port, wind speed 
has generally ranged between 3 to 5 m/s, prevailing wind 
direction is north-northeast. Almost wave height was less 
than 1 m, wave period has generally 3 s. 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 Wind speed frequency distribution at Kobe 
port 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 Wind direction and Wave height frequency 
distribution at Kobe port 
 
 
 
 
 
 
 
 
 
 
 
Figure 13 Wave period frequency distribution at Kobe 
port 
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 (5)Komatsushima 
The characteristics of ocean wind and wave at 
Komatsushima in 2001 is shown Figure 14 to 16. 
Characteristics of ocean wind at Komatsushima, 
Wind speed has generally ranged between 2 to 9 m/s, 
prevailing wind direction is northwest and south. Almost 
wave height was less than 1 m, wave period has 
generally ranged between 3 to 5 s. 
Observation station was located in the inside of the 
bay, prevailing wind direction was decided. 
 
 
 
 
 
 
 
 
 
 
 
Figure 14 Wind speed frequency distribution at 
Komatsushima 
 
 
 
 
 
 
 
 
 
 
 
Figure 15 Wind direction and Wave height frequency 
distribution at Komatsushima 
 
 
 
 
 
 
 
 
 
 
 
Figure 16 Wave period frequency distribution at 
Komatsushima 
 
(6)Sea of Genkai 
The characteristics of ocean wind and wave at Sea of 
Genkai in 2001 is shown Figure 17 to 19. 
Characteristics of ocean wind at Sea of Genakai, 
Wind speed has generally ranged between 3 to 7 m/s, 
prevailing wind direction is not decided. Almost wave 
height was less than 1 m, wave period has generally 
ranged between 4 to 6 s. 
Here, there is much missing data at this place. 
 
 
 
 
 
 
 
 
 
 
Figure 17 Wind speed frequency distribution at Sea of 
Genkai 
 
 
 
 
 
 
 
 
 
 
Figure 18 Wind direction and Wave height frequency 
distribution at Sea of Genkai 
 
 
 
 
 
 
 
 
 
 
Figure 19 Wave period frequency distribution at Sea of 
Genkai 
 
 (7)Kanda 
The characteristics of ocean wind and wave at Kanda 
in 2001 is shown Figure 20 to22. 
Characteristics of ocean wind at Kanda, Wind speed 
has generally ranged between 2 to 4 m/s, prevailing wind 
direction is east-northeast, east and southwest. Almost 
wave height was less than 1 m, wave period has 
generally ranged between 2 to 3 s. 
 
 
 
 
 
 
 
 
 
 
Figure 20 Wind speed frequency distribution at Kanda 
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Figure 21 Wind direction and Wave height frequency 
distribution at Kanda 
 
 
 
 
 
 
 
 
 
 
 
Figure 22 Wave period frequency distribution at Kanda 
 
ESTIMATION RESULT AND DISCUSSION 
Wind speed was estimated from wave height and 
period using equation (1) and (2) in seven points. As a 
result of considering change of the data for every year, it 
was not seen a remarkable difference. Therefore, this 
paper explains the characteristics in each observation 
point using the data in 2001. Relationship between 
estimation and measured wind speed was indicated from 
Figure 23 to 29. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23 Relationship between measured and 
Estimation wind speed at Niigata in 2001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24 Relationship between measured and estimation 
wind speed at Fort No.2 in 2001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25 Relationship between measured and estimation 
wind speed at Ahika island in 2001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26 Relationship between measured and estimation 
wind speed at Kobe port in 2001 
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Figure 27 Relationship between measured and estimation 
wind speed at Komatsushima in 2001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 28 Relationship between measured and estimation 
wind speed at Sea of Genkai in 2001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29 Relationship between measured and estimation 
wind speed at Sea of Kanda in 2001 
 
From Figure 23 to29, wind speed estimation is quite 
successful at Niigata and Sea of Genkai. From the field 
data shown in Figure 15 obtained at Kanda, the 
estimation is in fairly good agreement. Using the data 
other points shown in Figure 24, 25, 26, 27 the 
estimation is completely unsuccessful. 
Here, it was defined to good agreement of estimation 
at Niigata and Sea of Genkai, Kanda as group A. And 
other points were defined as group B. In comparison 
with group A, there is the feature that B group is in the 
inside of the bay. When group A is compared with group 
B about the wave height, group B is smaller. In this 
study, although the SMB method for estimating the wave 
which occurred by the wind was treated as an inverse 
problem. And the wind was presumed from the wave and 
SMB method. Therefore, the assumption is not filled in 
Group B, the result was underestimated. 
Furthermore, in order to perform quantitative 
evaluation, the correlation coefficient was calculated. 
The characteristics of ocean wind and wave at points 
from 2001 to 2006 is shown Table 1. It was confirmed 
the high correlation at all points. Although the 
correlation coefficient is high, in some cases, estimate 
value is smaller than measured value. 
 
Table 1 coefficient of correlation 
 2001 2002 2003 2004 2005 2006 
Niigta 0.74  0.72  0.73  0.69  0.74  0.72  
Fort No.2 0.75  0.78  0.79  0.78  0.78  0.79  
Ashika island 0.63  0.60  0.56  0.66  0.57  0.54  
Kobe Port 0.53  0.50  0.49  0.58  0.54  0.45  
Kmatsushima 0.58  0.59  0.62  0.63  0.62  0.61  
Sea of Genkai 0.70  0.57  0.71  0.66  0.65  0.64  
Kanda 0.78  0.79  0.79  0.79  0.76  0.77  
 
 
EXAMINATION CONCERNING THE ANOTHER 
ESTIMATION METHOD TO THE OUTSIDE OF 
APPLICABLE SCOPE OF THIS TECHNIQUE 
At the place which cannot apply the SMB method, it 
was used to estimate the wind speed by Toba’s 3/2 
power law. (Ebuchi et el, 1992) 
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where, H1/3: significant wave height (m), U10: wind 
speed at 10m above the ground (m/s), T1/3: significant 
wave period (s), B: coefficient of regression. It was 
calculated by the least-squares method. As a result, it 
was decided B= 0.022. 
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Figure 30 Relationship between wave height and wave 
period, wind speed at Ashika island in 2001 
 
Although the relationship between wave height and 
period, and wind speed at the Ashika island was shown 
this time (See Figure 30), the good relation was able to 
be seen at other points. Therefore, it was thought by 
using the new method that estimation accuracy was 
improved at other point.  
 
CONCLUSION 
In this study, ocean winds were estimated by 
obtained wave height and period from NOWPHAS and 
SMB method. Therefore, wind speed estimation is quite 
successful at Niigata and Sea of Genkai, Kanda. 
However, the estimation is completely unsuccessful 
other points.  
Although the SMB method for estimating the wave 
which occurred by the wind was treated as an inverse 
problem. And the wind was presumed from the wave and 
SMB method. Therefore, the assumption is not filled in 
Group B, the result was underestimated. 
Therefore, it was thought by using the new method 
that estimation accuracy was improved at other point.  
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